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Endoscopic retrograde cholangiopancreatography (ERCP)-induced complications, once occurred, can lead to significant morbidity. 
Commonly 5% to 10% of patients experience procedure related complications such as post-ERCP pancreatitis, biliary hemorrhage, and 
cholangitis, in descending order. However, complications such as perforation, pneumothorax, air embolism, splenic injury, and basket im- 
paction are rare but are associated with high mortality if occurred. Such unexpected unusual complications might extend the length of 
hospitalization, require urgent surgical intervention, and put the patient in miserable condition leading to permanent disability or mortal- 
ity. Although these ERCP-induced complications can be minimized by a skilled operator using advanced techniques and devices, the oc- 
currence of unusual complications are hard to expect and induce very difficult management condition. In this review, we will focus on the 
uncommon complications related to ERCP. This review is also aimed at suggesting optimal endoscopic treatment strategies for several com- 
plications based on our institutional experiences. 
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INTRODUCTION 

Since Endoscopic retrograde cholangiopancreatography 
(ERCP) -induced complications are associated with significant 
morbidity and occasional mortality in patients, endoscopists 
have troublesome anxiety as well as panic. Simply, the best way 
to prevent such complications might be to avoid performing 
ERCP, but not in reality. It is most important, therefore, to con- 
sider indications and risk/benefit ratio thoroughly before 
ERCP. Physicians need to evaluate and determine "If ERCP is 
really necessary for the patient, and if there are other modali- 
ties such as safer method of diagnosis or treatment." If ERCP 
is an inevitable condition to do, an experienced and skillful en- 
doscopist should perform according to a safe and step -wise 
procedure. 1 " 3 

The reported incidences of overall short-term complications 
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are approximately from 5% to 10% according to various pro- 
spective studies, though the data might be slightly different de- 
pending on the definition of ERCP-induced complication and 
the method of data collection. For instance, post-ERCP pan- 
creatitis is reported to occur in more than 20%, among which 
5% are in condition of severe complications, in which the sp- 
hincter of Oddi (SOD) dysfunction is usually regarded as a 
high risk group. Though ERCP- related death is reported to be 
very rare, it could occur in less than 0.5%. 4 

ERCP-induced complications occur in various categories, 
including the most common post-ERCP pancreatitis, and less 
common hemorrhage and cholangitis. Unusual complications 
such as perforation, pneumothorax, air embolism, splenic in- 
jury, and basket impaction are rare but risky, once developed. 
Several reports consistently concluded that typical and com- 
mon ERCP-induced pancreatitis can be minimized when per- 
formed by a skilled operator using advanced techniques and 
devices. However, the occurrence of unusual complications 
are hard to expect and difficult to manage. Such unusual com- 
plications extend the length of hospitalization, may require sur- 
gical intervention and may cause permanent disability, or even 
death, if not managed properly. Any endoscopists who per- 
form ERCP will agree that they sometimes experience fear and 
challenge in such situations. 
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In this review, we will focus on the uncommon complica- 
tions related to ERCP other than usual complications which 
have been already highlighted by many endoscopists. This re- 
view is also aimed at suggesting optimal endoscopic treatment 
strategies for several complications based on our institutional 
experiences. 

PERFORATION 

One of the most feared complications might be perforation. 
Though ERCP-related perforation has been reported in less 
than 1%, mostly in association with sphincterotomy 2 ' 4 perfo- 
ration needs to be diagnosed immediately and should be tr- 
eated promptly since delayed diagnosis and intervention of 
perforation may lead to the development of sepsis and multi- 
organ failure, which are the causes of higher mortality (8% to 
23%). 5 The most commonly used classification of ERCP- in- 
duced perforation is the one suggested by Stapfer et al., 6 which 
is set up based on its mechanism and can predict the need for 
surgery depending on the anatomic location and severity of 
injury. According to this classification, ERCP-induced perfo- 
ration can be categorized into four types (Table 1, Fig. 1). Risk 
factors associated with perforation are not clearly identified 
due to the low incidence. However, the incidence of bowel per- 
foration is more frequent in patients who received Billoth II 
gastrectomy or roux-en-Y operation, while sphincterotomy 
perforation is more common during precut method with a 
needle knife or in patients suspected of SOD dysfunction. 1 
Usual conservative medical managment requires nasobiliary 
drain to avoid bile spillage, with nasogastric tube draining to 
prevent infiltration of intestinal contents into the retroduode- 
nal space. These treatments should be accompanied by intra- 
venous antibiotics, strict fasting, and surgical consultation as 
well. 2 The treatment of post-ERCP perforation should be de- 
termined based on the type and severity of the leak and clini- 
cal manifestations. For type I and type II perforations, surgi- 
cal treatment is generally recommended, although recent de- 
velopment of endoscopic treatments enabled successful treat- 
ment with endoscopic clippings, endoloop applications, and 
endoscopic closure devices (Figs. 2-4). Guide- wire or stent- 



related extramural perforations can be treated easily with en- 
doscopic treatment using adequate ductal drainage above the 
leak site. 7 " 9 Sphincterotomy- related perforation, unlike other 
types of perforations, can be fully prevented. Limiting the le- 
ngth of cutting wire for sphincterotome that touches the tis- 
sues or using stepwise incisions is a safer way of preventing 
perforations. If perforation is suspected during sphincteroto- 
my, extraluminal leakage can be identified by injecting a small 
amount contrast while passing the inserted catheter or papil- 
lotome by the suspected site of perforation following the gu- 
ide-wire under the fluoroscopic guidance. Identified perfora- 
tion, regardless of its type, should be confirmed for any pre- 
sence of contrast leakage and retroperitoneal or intraperito- 
neal air with abdominal computed tomography (CT). Care 
should be taken, however, to make a decision based on the 
patients clinical condition, since 29% of asymptomatic pa- 
tients have free retroperitoneal air observed at the CT images 
taken within 24 hours after ERCP, which is not associated with 
the severity of the complication or the need for sugery. 10 Im- 
mediate closing with endoscopic clipping may be attempted 
for perforation sites with confirmed leakage. 9,11 However, since 
clipping with a side-view duodenoscopy can be technically 
difficult, a cap-assisted, forward-view endoscopy may be ap- 
plied. Other treatments of perforation after biliary sphincter- 



Type I 




Fig. 1. The illustration of the classification of endoscopic retrograde 
cholangiopancreatography-related perforations. 



Table 1. Classification of Endoscopic Retrograde Cholangiography-Related Perforations 6 

Type I Lateral or medial duodenal wall perforation (endoscope related). Since ERCP uses a side-view duodenoscopy, direct injury 

to the bowel wall during the insertion causes intraperitoneal perforation. 
Type II Periampullary perforations (sphincterotomy related). Incision beyond the intramural portion of the bile duct or 

the pancreatic duct during the sphincterotomy causes retroperitoneal leakage. 
Type III Ductal or duodenal perforations due to endoscopic instruments (not guide- wires). Extramural passage during stent 

insertion or migration of stent after the insertion perforates the bowel wall. 
Type IV Guide- wire perforation with presence of retroperitoneal air at X-ray. Extramural passage of the guide-wire, regardless 

of its location, easily causes perforation. 
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Fig. 2. Endoscopic images of a case with type I perforation. (A) A large perforation on lateral duodenal wall. (B) Duodenal serosa and 
omentum is revealed. (C) Successful primary endoscopic closure using multiple clips and endoloop. 




Fig. 3. (A, B) Abdominal computed tomography of a case with successful primary endoscopic closure for type I perforation. It shows a 
pneumoretroperitoneum at the right side abdomen, due to perforation at the second portion of the duodenum. Free airs are revealed at the 
right perirenal, anterior pararenal and posterior pararenal spaces. Several clips are noted at the second portion of the duodenum without 
visible definite defect and soiling or fluid collection at the periduodenal area. 



otomy include the insertion of a fully covered self-expandable 
metal stent. 12 " 14 Asymptomatic patients with only the evid- 
ence of free air can normally be improved with a conservative 
management consisting of bowel rest and antibiotics. Inappro- 
priate biliary drainage may cause the infiltration of bile or flu- 
id leakage into the perforated site, increasing the morbidity. 6 ' 8 
Patients whose leakage volume is enough to be observed on 
CT, those with confirmed continous leakage, or whose clini- 
cal condition is deteriorating should be considered for imme- 
diate surgical approach. Since mortality due to sepsis is as high 
as 50% among patients with failure of conservative medical 
managment, surgical managmenet should not be hesitated in 
such patients. 2 ' 6 Type I and type III duodenal perforations due 
to endoscope tip or stent migration might be treated with en- 
doscopic clipping. 15 " 17 However, most cases of duodenoscopy- 
induced duodenal perforation cannot be closed with clipping 
only, due to the wide range of perforation. Combination of en- 
doscopic clipping and endoloop application has been intro- 



duced to avoid operation. Since the initial report by Endo et 
al., 18 there have been various clinical trials concerning the us- 
age of an endoloop and multiple hemoclips to cover large mu- 
cosal defects following endoscopic submucosal dissection and 
endoscopic mucosal resection. 19 ' 20 When perforation is sus- 
pected, relatively thin forward viewing one- channel endosc- 
ope with a cap on the tip of the endoscope (transparent cap- 
assisted) may as well be used for observation, while minimiz- 
ing air insufflation or using C0 2 generator. The reason for 
choosing a one-channel endoscope, instead of a two-channel 
endoscope, is that a one-channel endoscope allows separating 
two catheters and it can provide a wide range of therapeutic 
activities during therapy. When using a two-channel endosc- 
ope, although simultaneous insertion of one catheter with an 
endoloop and the other catheter with a clip into each channel 
can fix the clips together with the endoloop, technical prob- 
lems can occur in cases with a lesion difficult to access or 
with a narrow lumen, due to the wider diameter of the two- 



253 



Unusual Complications after ERCP 




Fig. 4. Endoscopic images and cholangiograms of a case with type II perforation. (A) Endoscopic view of ampulla. (B) Cholangiogram shows 
mild biliary dilatation with several round filling defecs in the common bile duct. (C) Endoscopic view shows active bleeding and edematous 
change at the postsphincterotomy's area. (D) Cholangiogram shows unsuspected large amount of air in the retroperitoneal area. 



channel endoscope and the parallel existence of two-working 
channels. The combination therapy is conducted as follows 
(Figs. 5-7). Before insertion of cap-assisted endoscope, an al- 
ligator forceps are inserted into the working channel of the 
endoscope and the alligator forceps caught the tip of an en- 
doloop. Then, the endoloop containing the catheter and endo- 
scope are inserted into the patient. At placement of them ar- 
ound the perforated area, the alligator forceps are opened for 
detaching the endoloop containing the catheter. Then, the en- 
doloop containing the catheter is properly released. After in- 
sertion of the clipping catheter, the tip of the endoloop is cau- 
ght with the clip and clipping is started from the distal margin. 



Thereafter, multiple clips are attached with the endoloop to 
the perforated area and vice versa (a bunch-like clip formation 
is caught and fixed with the endoloop). Finally, the endoloop 
is tightened and this closes the perforated area. 21 Change of the 
patients condition should be monitored while performing con- 
servative managements such as antibiotics, total parenteral 
nutrition and nasogastric tube drainage. If the clinical symp- 
toms have not been deteriorated, upper gastrointestinal in- 
vestigations using gastrograffin should be performed, follow- 
ing approximately 1-week period of conservative manage- 
ment, to ascertain whether extra-duodenal spillage is present. 
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PNEUMOTHORAX 

ERCP-induced retroperitoneal perforation may develop to 
pneumothorax, which is a very rare but unpredictable and 
potentially life-threatening complication. This complication 



Endoloop containing 
catheter 

Alligator forceps 






Fig. 5. Illustration of cap-assisted endoscope and instruments be- 
fore endoscopic combination therapy. An alligator forceps are in- 
serted into the working channel of the endoscope and the alliga- 
tor forceps caught the tip of an endoloop. 



occurs regardless of age, mostly on the right side, despite the 
appearance of bilateral development, and accompanies retro- 
peritoneal, mediastinal and subcutaneous emphysema. 22 As 
mentioned earlier, the main risk factor is sphincterotomy, 
which is associated with retroperitoneal perforation. Pneumo- 
thorax is not an indication of surgical intervention. The re- 
ported prognosis of pneumothorax has been acceptable after 
conservative managements consisting of the administration of 
oxygen, chest tube insertion, broad-spectrum antibiotics, and 
total parenteral nutrition, although the prognosis will vary de- 
pending on the progress of the retroperitoneal perforation. 23 

HEPATIC HEMATOMA 

Hepatic hematoma is a very rare complication of ERCP. The 
suggested mechanism is an injury to the intrahepatic biliary 
tree due to the guide-wire. 24 Despite inconsistency in its tr- 
eatment due to the lack of case report, most cases of hepatic 
hematoma following ERCP have been improved by conserva- 
tive managements including broad-spectrum antibiotics. Per- 
cutaneous drainage and embolization may be required for in- 
fected hematoma and excessive hematoma, respectively. 25 



B 
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Fig. 6. Illustration of cap-assisted, endoscopic combination therapy with multiple clips and endoloop for type I perforation. (A) Placement of 
endoscope and endoloop containing catheter around the perforated area. (B) The alligator forceps are opened for detaching the endoloop 
containing the catheter. (C) The endoloop containing the catheter is properly released around the perforated area. (D) Insertion of the clip- 
ping catheter through the working channel. (E) The tip of the endoloop is caught with the clip and clipping is started from the distal margin. 
(F) Multiple clips are attached with the endoloop to the perforated area and vice versa (a bunch-like clip formation is caught and fixed with 
the endoloop). (G) The endoloop is tightened and this closes the perforated area. 
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Fig. 7. Endoscopic images of a case with type I perforation (arrow) and successful endoscopic management. (A) A perforation is noted on 
lateral duodenal wall. (B) Placement of endoscope and endoloop containing catheter around the perforated area. (C) The alligator forceps 
are opened for detaching the endoloop containing the catheter and the endoloop containing the catheter is properly released around the 
perforated area. (D, E) The tip of the endoloop is caught with the clip and clipping is started from the distal margin. (F, G) Multiple clips are 
attached with the endoloop to the perforated area and vice versa (a bunch-like clip formation is caught and fixed with the endoloop). (H) 
The endoloop is tightened and this closes the perforated area, successfully. 



AIR EMBOLISM 

ERCP-induced air embolism is an extremely rare but se- 
vere fatal complication, arising from portal venous air embo- 
lism. Reported cases were catastrophic since they caused im- 
mediate cardiopulmonary collapse upon their occurrence. ER- 
CP-induced portal venous gas is speculated to develop due 
to a pathophysiologic mechanism where sphincterotomy or 
high intra-mural pressure of insufflated air disrupts the gas- 
trointestinal or hepatobiliary structure. 26 " 28 Sphincterotomy 
disrupts the duodenal mucosa and creates connection to the 
veins in the duodenal walls. A large amount of air insufflation 
during endoscopic examination could pass to the heart via the 
connection. High intraluminal air pressure during endoscop- 



ic examination could facilitate the progression of a fatal air em- 
bolism. Other reported mechanisms include portal vein punc- 
ture due to guide-wire cannulation and erroneous placement 
of nasobiliary drainage tube to the portal vein. 29 ' 30 Special care 
should be taken for possible air embolism, which have been re- 
ported by recent wide application of peroral cholangioscopy. 31 

SPLENIC INJURY 

ERCP-induced splenic injury is a very rare condition, pre- 
sumably arising from the injury to the spleen due to the tor- 
sion of the greater curvature, inflicted while inserting a duode- 
noscope. Severe cases causing splenic rupture may require em- 
ergent splenectomy. 32 " 34 
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BASKET IMPACTION 

ERCP with mechanical lithotripsy may cause various com- 
plications, and one of them is clinically rare basket impaction. 
The impaction occurs mostly when the basket capturing a bili- 




ary stone cannot pass through the accompanying distal bili- 
ary stricture. 35 Not only mechanical lithotripsy but also non- 
lithotriptor basket catheter for removing small stones can 
create such basket impaction. 36 Basket impaction may lead to 
other serious complications because it requires another inva- 



Impacted stone 
Basket catheter 

Fig. 8. Basket impaction occurs during removal of stone in case with distal biliary stricture. 
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Stone fragmetation 
by rescue lithotripsy 



Fig. 9. Illustration of rescue lithotripsy for basket impaction. (A) Basket catheter is cut near the catheter handle. (B-D) The endoscope and out- 
er sheath of basket catheter are removed. (E) The traction wire is passed through the metal sheath using the snare catheter without outer 
sheath. (F) The metal sheath is approached at the impacted area over the traction wire. (G) Rescue lithotripsy can crush the impacted stone. 
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sive procedure. When unexpected impaction of basket with 
stone occurs, the basket catheter must be cut near the catheter 
handle and the endoscope and outer sheath of basket cathe- 
ter removed. Mechanical lithotripsy catheter has a sufficient 
length for reaching the impaction area; on the other hand, 
the length of a normal basket catheter is not enough to reach 
the impaction area, in which case a snare catheter without 
outer sheath should be passed through adequately shortened 
metal sheath first, followed by folding the tip of the traction 
wire. When the snare catheter is pulled back into the metal 
sheath again, the traction wire passes through the metal sh- 
eath, making the metal sheath to reach the impaction area sa- 
fely. This method enables tighter fixation, hence crushing of 
the calculi (Figs. 8, 9). Other useful methods include removal 
after balloon dilatation of the stricture, extracorporeal shock 
wave lithotripsy and electrohydrolic lithotripsy using cholan- 
gioscopy, or surgical approach when the above methods were 
failed. 37 " 40 

RESTENOSIS OR DUODENAL 
OBSTRUCTION 

Late complication of ERCP with sphincterotomy is papil- 
lary restenosis or ampullary restenosis. Although the mecha- 
nism is not clear, the restenosis is presumed to occur when 
the cutting of the sphincter muscle during sphincterotomy is 
not complete or due to fibrotic reaction at the cutting site. 
Most of these cases can be successfully treated by repeated 
sphincterotomy or biliary stenting. 41 On very rare occasions, 
some cases develop extensive inflammation and fibrosis caus- 
ing severe duodenal obstruction that does not respond to a 
medical treatment. 42 

CONCLUSIONS 

ERCP has facilitated innovative diagnosis and treatment of 
pancreatobiliary tract diseases, and newer methods are con- 
tinuously being introduced in this field. Considering the un- 
predictability of unusual severe complications of ERCP as 
described earlier, though rare it may be, endoscopists perform- 
ing ERCP should go through a systematic and thorough train- 
ing to cope with unexpected complications, should be able to 
make careful judgment when performing ERCP, and should 
be well-informed of every possible complications. Endosco- 
pists should also implement all available methods of diagno- 
sis and treatment immediately, without hesitation, upon de- 
tection or suspicion of an unpredicted, procedure related un- 
usual complication. 
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